Introduction
The pancreas expresses and secretes various triglyceride lipases. (22) The predominant lipase is colipase-dependent pancreatic triglyceride lipase (PTL). PTL is the archetype of a lipase gene family that includes PTL homologues, pancreatic lipase-related proteins 1 and 2 (PLRP1 and PLRP2).(10) PLRP1 and PLRP2 are each present in pancreatic secretions. Also present is carboxyl ester lipase (CEL), alternatively known as bile-salt stimulated lipase (BSSL).(6) PTL strongly prefers triglyceride substrates over other potential substrates such as phospholipids or galactolipids. In contrast, PLRP2 and CEL have a broader substrate specificity that includes triglycerides. PLRP1 has no known lipase activity but it may modulate the activity of PTL.(3) Although each of these lipases can be isolated from pancreatic secretions or from the gland, most recent structure-function studies have utilized recombinant proteins purified from either baculovirus or Pichia pastoris expression systems. This chapter will describe methods for the production and purification of pancreatic lipases in those systems with emphasis on the P. pastoris system. Finally, the most common assay methods for triglyceride lipases will be described.
Expression

Baculovirus Expression Systems
The first attempts to produce large quantities of pancreatic lipases for structure-function studies utilized baculovirus expression systems. (13, 18, 19) The system has several advantages for expression of recombinant proteins. (21) In combination with insect cells, baculovirus can produce high levels of recombinant lipases with appropriate post-translational modifications. Baculovirus have a limited host range, mainly insects, and are safe for vertebrates. The insect cells are relatively easy to culture and will grow in serum-free media. The original descriptions of pancreatic lipase production in the baculovirus system used the PVL1392 transfer vector, linearized genomic DNA from Autographa californica nuclear polyhedrosis virus (AcMNPV) and insect cells from Spodoptera frugoperda (Sf9). Since the original descriptions of lipase expression in baculovirus systems, multiple improvements have been made in baculovirus expression systems. (21) Transfer vectors have been improved as have methods for purification of recombinant virus. The introduction of bacterial artificial chromosomes containing the genome of the baculovirus AcMNPV, bacmids, allows the manipulation of the viral genome in bacteria. Kits utilizing modern technology are available (Invitrogen, BD Biosciences).
Even with technological improvements, the general process remains similar.
Although we successfully expressed human colipase, human PTL, rat PTL, rat PLRP1 and rat PLRP2 in the baculovirus system, yields of purified rat and human PLPRP2 were low primarily because the protein precipitated during purification.(8; 13; 15; Lowe, unpublished data)
Yeast Expression Systems
For structure-function studies of lipases, an expression system that is easily and quickly manipulated, that processes and secretes lipases correctly and that can produce milligram or larger quantities of proteins is preferable. Yeast expression systems meet these requirements and virtually all labs that produce recombinant lipases utilize yeast, generally the methylotropic yeast Pichia pastoris. (5, 12, 17, 20, 23) Protein expression in P. pastoris is straight-forward and fast.(4) P. pastoris is a single cell organism that is easy to manipulate and grows to high density on inexpensive media. Recombinant mammalian proteins readily undergo correct folding, proteolytic processing, disulfide bond formation and glycosylation. Most vectors contain one of several different yeast signal sequences to target the recombinant protein to the secretory pathway. The vectors take advantage of the ability of P. pastoris to metabolize methanol as its sole carbon source and utilize the strong, methanol-inducible promoter for the alcohol oxidase gene, AOX1, to express the protein of interest. Consequently, the yeast can be grown to high density in glycerolcontaining medium without any recombinant protein production. Once the appropriate cell density is reached recombinant protein production is induced by switching to methanol-containing medium. During growth on methanol and medium with no added proteins, P. pastoris secretes low levels of endogenous proteins and the recombinant protein comprises the majority of protein in the medium facilitating subsequent purification.
Expression of pancreatic lipases in P. pastoris
Before starting this expression protocol, clone the cDNA for the lipase of interest in frame in a P. pastoris expression vector. Various vectors have been utilized for pancreatic lipase expression including pHILS1, pPIC9K, pGAPZB, pPICZA and pPICZαA. The last three vectors allow selection of recombinant yeast with zeocin. In our lab, we currently use pPICZαA or pPICZA and have expressed PTL, PLRP2 and CEL from multiple species successfully. The sequences and other properties of these vectors can be found on the Invitrogen website. Currently, Invitrogen offers the PichiaPink expression system. This system utilizes complementation of adenine auxotrophy rather than antibiotic selection to enrich for transformants.
The expression of pancreatic lipases using these transfer vectors has not been reported. When pPICZαA vector is used, the nucleotide sequence should be checked to insure the cDNA is inserted in frame with the signal sequence of the vector.
Transformation of P. pastoris
P. pastoris can be transformed by electroporation or chemical methods. We prefer electroporation because it has higher yield of transformants and does not destroy the cell wall of the yeast allowing immediate plating on zeocin selection plates. Electroporation will be described in detail. If you do not have access to an electroporation device, the EasyComp system (Invitrogen) can be used following the manufacturer's directions.
A. Preparation of transforming DNA
For transformation, the desired plasmid DNA is linearized by restriction digestion. The selection of restriction enzyme depends on the vector and the insert. The restriction enzyme should cut the vector at a single site and not cut the insert. For example, pPICZαA has single Sac I, Pme I and BstX I sites and one of these can be used provided your insert does not contain that restriction site. 2. Two days before the transformation inoculate 3 ml of YPD medium in a sterile 50 ml conical tube with a single colony. Tape the cap loosely on the top of conical tube.
3. Incubate at 30 ºC with shaking at 300 rpm overnight.
4. Use ~ 100 µl of the overnight grown culture to inoculate 250 ml of YPD medium in a sterile 1 liter baffled flask. Grow the culture at 30 ºC with shaking at 300 rpm for ~ 16 hr. The OD 600 of the culture should be 1.3 to 1.5. (It is necessary to dilute the culture before reading the OD to obtain an accurate reading.)
5. Divide the culture into two 250 ml centrifuge tubes and centrifuge at 1,500 x g at 4 ºC for 5 min.
6. For each centrifuge tube, resuspend the pellet with 125 ml of ice-cold sterile water and centrifuge as above. Occasionally it will take a few days longer.
D. Protein expression in Pichia pastoris
Materials:
1. BMGY medium 2. BMMY medium 3. 50 ml conical tubes, sterile
Methanol
Method:
1. Inoculate a single colony from the transformation plates into 10 ml BMGY in a sterile 50 ml conical tube. We typically screen around 12 separate colonies for each construct. Incubate at 30 ºC with shaking at 300 rpm for 18-24 hours. The OD 600 will be 2-6. Since oxygenation of the culture is important, we typically tape the cap loosely on the top of the conical tube. Alternatively, sterile gauze or PureLink Air Porous Tape can be used to cover the top of the tube.
2. Centrifuge at 1,500 x g for 5 minutes.
Carefully decant the supernatant and resuspend the cell pellet in 3 ml of BMMY.
3. Return the cultures to the shaking incubator.
4. After 12 to 48 hours of methanol induction, withdraw 1 ml of yeast culture and transfer to a 1.5 ml microcentrifuge tube. Pellet the cells by centrifugation at 15,000 x g for 3 minutes.
Remove the supernatant and put in a separate tube. Add 1 ml of BMGY to the cell pellet and re-suspend the cells. Store at 4 ºC until the samples are screened for lipase production. We typically can detect robust lipase activity in the media after 12-24 hours and stop our cultures at that point. Alternatively, 100 µl of the culture can be removed at time intervals up to 4 days. If culturing longer we add 0.5% methanol to the culture every 24 hours to maintain induction.
5. We screen for lipase production by the standard pH-stat method (See section on lipase assays.) or by protein immunoblot. Alternatively, a fluorescent lipase assay could be employed.
6. The yeast with the highest expression levels are selected for storage. Streak the selected yeast transformants onto YPDS plate + zeocin and incubate the plates upside down at 30 ºC until distinct colonies form in 2-5 days.
7. To prepare for storage single colonies are cultured in 10 ml YPD medium in a sterile 50 ml conical tube. The culture is incubated at 30 ºC with shaking at 300 rpm until the OD 600 of the culture is 2-6, about 18-24 hours. Transfer 800 µl of the culture to a sterile 2 ml cryo-tube. Add 200 µl of sterile glycerol and mix by repeated inversion of the capped tube. The glycerol yeast stock is stored at -80 ºC.
E. Scaling-up expression
There are two approaches to express larger amounts of recombinant lipase, increased culture volume in large baffled flasks or fermentation. In this section we will only cover growth in baffled flasks since most investigators will not have access to a fermentor and growth in baffled flasks will produce enough recombinant lipase for most purposes. 1. Inoculate a single colony into 5 ml of BMGY in a 50 ml conical tube. Grow at 30 ºC overnight in a shaking incubator at 300 rpm.
2. Inoculate 500 ml of BMGY in each of two 2-liter baffled flasks with half of the culture from step 1. Grow as above until an OD 600 of 2-6 is reached.
3. Harvest the cells by centrifugation in sterile centrifuge bottles at 1,500 x g for 5 minutes at room temperature. Decant the supernatant and add 200 ml of BMMY to re-suspend the cell pellet.
4. Put the resuspended yeast in fresh sterile baffled flasks. The culture can be divided into 100 ml in each of two 1 liter flasks or 200 ml in a 2 L flask. Return to the incubator and continue to grow with shaking at 300 rpm.
5. Add 100% methanol to 1.0 % every 24 hours. When expressing a new lipase or construct we typically remove aliquots of the culture at increasing time points up to 4 days to determine the optimal time of induction. We prefer to do the time course on the scaled-up expression rather than on the small scale expression because the optimal time for induction frequently differs between the small and large-scale expression cultures.
6. Harvest the cells and supernatant by centrifugation at 3, 000 x g for 5 minutes at room temperature. Recombinant pancreatic lipases will be secreted into the medium. We generally proceed directly to purification at this point. The medium can be stored at -80 ºC and processed later.
Recombinant Lipase Protein Purification
Purification of Recombinant PTL and PLRP2 Proteins
We routinely purify recombinant PTL and PLRP2 on 1-ml Mono S FPLC (Pharmacia Biotech) or 5/50 GL (GE Healthcare) column using Chromatography system. The one-step purification usually yields good outcome. A second step purification by gel filtration could be followed if further purification is needed. Below is the detailed procedure for purifying human PTL. The purification of PTL from other species or PLRP2 can be carried out by following this 2. Concentrate the supernatant down to ~ 30 ml using preferred system with the membrane MWCO of 10-30 kDa. 
Purification of the recombinant CEL Protein
We routinely purify the recombinant CEL protein using Heparin affinity column coupled with AKTA Explorer chromatography monitor system (Amersham). 4. Filter the protein sample again with 500 ml Bottle top Filter (0.22 µm) filter.
Materials
5. After equilibrating the 5-ml Heparin column with 50 ml Binding/Washing buffer, load the prepared protein sample with the flow rate of 2.5-5 ml/min, which is monitored by AKTA explorer chromatography system.
6. Wash the column thoroughly with ~ 100 ml of Binding/Washing buffer.
7. Elute the recombinant protein with increasing concentration of NaCl up to 800 mM within 60 min, with the flow rate of 1-2 ml/min. The bound protein usually elutes from the column between 300-600 mM NaCl. To prepare 1000 ml dissolve 10 g yeast extract and 20 g peptone in 900 ml of water. Autoclave for 20 minutes on liquid cycle. Let the autoclaved solution cool to less than 60 ºC and add 100 ml of the 20% dextrose.
YPDS medium:
Prepare as above and add 91.1 g sorbitol to the medium prior to autoclaving.
YPD agar plates:
To prepare 500 ml of YPD agar dissolve 5 g yeast extract and 10 g of peptone in 450 ml of water. Add 10 g of agar and a magnetic stir bar. Autoclave for 20 minutes on the liquid cycle. Let the solution cool to less than 60 ºC and add 50 ml of 20% dextrose. If zeocin plates are required, add 500 µl from a 100 mg.ml zeocin stock solution to the cooled agar solution. Add the zeocin while stirring on a magnetic stir plate. Let stir for several minutes after adding to insure complete mixing. Pour the media into 100 mm Petri dishes and let dry on the bench overnight. If zeocin is included protect the plates from light by covering with black plastic. Store at 4 ºC. The shelf life is 1-2 weeks.
YPDS agar plates:
BMGY:
Dissolve 10 g of yeast extract and 20 g peptone in 700 ml of water and autoclave for 20 minutes on the liquid cycle. Cool to room temperature and add:
1. 100 ml 1M potassium phosphate, pH 6.0 (combine 24 ml of K 2 HPO 4 and 156 ml of 1 M KH 2 PO 4 and confirm the pH is 6.0 adjust with phosphoric acid or KOH if required);
2. 100 ml 10 X YNB (Dissolve 134 g of yeast nitrogen base (YNB) with ammonium sulfate and without amino acids in 1000 ml by gently heating the solution until the YNB dissolves. Filter sterilize. Store at 4 ºC);
3. 20 ml 50 x biotin (Dissolve 20 mg biotin in 100 ml of water and filter sterilize. Store at 4 ºC);
4. 100 ml 10 X glycerol (100 ml glycerol and 900 ml of water. Mix well and filter sterilize. Store at room temperature.)
Store medium at 4 ºC. The shelf life is about two months.
BMMY:
Combine the ingredients for BMGY. Add 100 ml of 10 x methanol (5 ml of methanol with 95 ml of water.) Filter sterilize.
Assays for Pancreatic Lipases
Lipase assays are performed routinely in clinical laboratories and in research laboratories with an interest in lipases. The assay requirements vary greatly depending on the setting and the use. The clinical laboratory requires specific, sensitive, quick and reproducible automated assays. In the research lab, investigators interested in the biochemistry or structure-function analysis of lipases need specific, sensitive and reproducible assays that allow them flexibility in changing the assay conditions. Investigators interested in molecular evolution of lipases or in identifying small molecule inhibitors of lipases require automated assays suitable to screening multiple samples oftentimes in multi-well plates. Consequently, many different lipase assays are available.
The numerous methods can be classified as: a) titrimetric; b) spectrometric (photometric, fluorimetric, infra-red); c) radiometric; d) turbidometric; e) chromatographic; f) interfacial tensiometry; and g) conductimetric. A general discussion of these methods can be found in a recent review and this section will focus on several assays that are primarily suitable for the research laboratory. (2,9) 
Lipase Substrates
Either triglycerides or diglycerides are predominantly utilized in lipase assays. Diglycerides are mainly employed in coupled enzyme assays that produce colored or fluorescent products or in assays of monolayers in the Wilhemy plate method using interfacial tensiometry.
Diglycerides do have several drawbacks. They are less stable and more expensive than triglycerides and can be hydrolyzed by nonspecific esterases. In most assays, triglycerides are the preferred substrate. All lipases have activity against a broad range of triglycerides containing short, medium or long-acyl chains.
Among the available triglycerides tributyrin, trioctanoin and triolein are the most commonly used substrates. All three are liquid at normal assay temperatures. Triolein is highly specific for lipases since no other esterase is able to hydrolyze long-chain acylglycerols at an oilwater interface. Because pancreatic lipases have the highest specific activity against tributyrin and tributyrin is the least expensive of the three substrates, it is frequently used to quantitate lipase activity. The downside is that esterases other than lipases can hydrolyze tributyrin. If tributyrin is employed to detect lipases in tissue extracts or partially purified lipases, the presence of a true lipase must be confirmed by demonstrating activity against triolein.
Other substrates have been proposed for lipase assays. Several groups have developed assays with fluorescent substrates.(1,16) These assays are fast and can be done with readily available equipment. The major drawback is that the substrates are sensitive to oxidation by atmospheric oxygen, a problem that precludes use in routine conditions. An ultraviolet spectrophotometric assay using long-chain triglycerides from Aleurites fordii seeds has been described and may be useful for screening multiple samples for the presence of lipase. (14) The main limitation is that the substrate is not readily available.
pH-stat Titrimetric Assay
Continuous titration with a pH-stat coupled to an automatic burette and recorder is a versatile method. It allows for investigations of lipase kinetics and permits the investigator to vary the assay conditions, including substrates and bile salts. Because the method depends on titration of the released fatty acid, pH affects the sensitivity considerably and pH effects on activity cannot be determined in the pH-stat.
In addition, the equipment is not readily available in most laboratories. Figure 2 shows a typical assay result of PTL with and without colipase using the pH-stat method. The Table includes activities of purified PTL, PLRP2 and CEL against three different substrates. Figure 2 . pH-stat assay of PTL activity against tributyrin. Two µg of PTL was added to a tributyrin emulsion in 4 mM NaTDC as described. After 5 min, 2 µg of colipase was added. The reaction velocity before and after colipase addition can be calculated from the slope of each line.
Materials
of 333 dpm/ml of fatty acid. 10. This equation assumes that all of the free fatty acids are contained in the top phase. In fact, about 75% of the oleic acid partitions to the top phase. The exact percentage can be determined by adding radiolabeled oleic acid to the triolein instead of radioactive triolein. Phase extract the mixture as above and count 100 µl of the top phase and use the total volume of the top phase to calculate the percentage of oleic acid remaining in the top phase. Prior to centrifugation remove an aliquot of the freshly vortexed mixture and count in scintillation fluid to determine the total radioactivity in the mix. Use these two values to determine the efficiency of oleic acid extraction and use this number to correct experimental results.
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